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Abstract  
The placenta accreta spectrum (PAS) is a complex obstetric complication associated 
with a high maternal morbidity. It is a relatively new disorder of placentation, and is the 
consequence of damage to the endometrium-myometrial interface of the uterine wall. 
When first described 80 years ago, it mainly occurred after manual removal of the 
placenta, uterine curettage or endometritis. Superficial damage leads primarily to an 
abnormally adherent placenta, and is diagnosed as the complete or partial absence of 
the decidua on histology. Today, the main cause of PAS is uterine surgery and, in 
particular, the uterine scar secondary to a caesarean delivery. In the absence of 
endometrial re-epithelialization of the scar area the trophoblast and villous tissue can 
invade deeply within the myometrium, including its circulation, and reach the 
surrounding pelvic organs. The cellular changes in the trophoblast observed in PAS are 
probably secondary to the unusual myometrial environment in which it develops, and 
not to a primary defect of trophoblast biology leading to excessive invasion of the 
myometrium. PAS was separated by pathologists into three categories: placenta creta 
(PC) when the villi simply adhere to the myometrium, placenta increta (PI) when the villi 
invade the myometrium, and placenta percreta (PP) where the villi invade the full 
thickness of the myometrium. Several prenatal ultrasound signs of PAS have been 
reported over the last 35 years, principally the disappearance of the normal utero-
placental interface (clear zone), extreme thinning of the underlying myometrium and 
vascular changes within the placenta (lacunae) and placental bed (hypervascularity). 
The pathophysiological basis of these signs is due to permanent damage of the uterine 
wall as far as the serosa, with placental tissue reaching the deep uterine circulation. 
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Adherent and invasive placentation may co-exist in the same placental bed and evolve 
with advancing gestation. This may explain why no single, or set combination of, 
ultrasound sign(s) has been found to be specific for the depth of abnormal placentation, 
and accurate for the differential diagnosis between adherent and invasive placentation. 
Correlation of pathological and clinical findings with the prenatal imaging is essential to 
improve screening, diagnosis and management of PAS, and standardised protocols 
need to be developed. 
 
 
 
Key Words: Placenta accreta; increta; percreta; ultrasound imaging; caesarean 
delivery; prenatal diagnosis. 
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INTRODUCTION  
The first case series of placenta accreta (PA) was published in 1937 by Irving and 
Hertig.1 They reviewed 18 cases, which they described clinically as “the abnormal 
adherence of the afterbirth in whole or in parts to the underlying uterine wall” and 
histologically as “the complete or partial absence of the decidua basalis”, signs that are 
still used today. They described all their cases as “vera” or “adherenta” where the villi 
were attached to the surface of the myometrium without invading it.  
 The grading classification of PA according to the depth of villous invasiveness 
inside the myometrium was introduced by modern pathologists in the 1960s.2-4 They 
separated PA into three categories: placenta creta (PC) when the villi simply adhere to 
the myometrium, placenta increta (PI) when the villi invade the myometrium and 
placenta percreta (PP) where the villi invade the full thickness of the myometrium 
(Figure 1). This terminology is still used by most pathologists. It is, however, often 
impossible to clinically differentiate between these categories, especially as they may 
co-exist in the same placental bed (Figure 2), and confusion frequently occurs amongst 
clinicians regarding the difference between the terms ‘accreta’ and ‘creta’. Given the 
lack of international consensus on nomenclature, for the purposes of this paper, we 
have chosen to refer to it as the placenta accreta spectrum (PAS), which includes both 
abnormal adherence and abnormal invasion. We will then use placenta creta (PC), 
increta (PI) and percreta (PP) for specific examples where the histology is known. 
In PAS, the lack of a plane of cleavage between the placental basal plate and the 
uterine wall leads to major hemorrhage if an attempt is made to forcibly remove villous 
tissue embedded within the myometrium.5-8 The severity of the complications varies 
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according to the depth of villous invasion. In PP, not only is there potential villous 
invasion of surrounding pelvic organs, but excessive neovascularity is often present 
making any surgical procedure technically difficult. Multi-disciplinary team working and 
operator experience has been shown to reduce collateral damage, with several studies 
demonstrating that maternal morbidity is significantly reduced by delivery in a specialist 
centre.9-12 Thus, the prenatal diagnosis of PAS has become essential to its 
management and outcome. The first prenatal diagnosis of PAS was reported in 1967 by 
Sadovsky et al using radioisotope placentography13, and the first prenatal ultrasound 
description was made by Tabsh et al14 in 1982.  
Ultrasound imaging and magnetic resonance imaging (MRI) are now commonly 
used for the prenatal diagnosis of PAS.15-18 However, recent population studies have 
indicated that it remains undiagnosed before delivery in between half19,20 and two-thirds 
of cases.21 The cost and limited access of MRI make it impractical as a screening tool, 
and ultrasound has therefore become essential in identifying women at high risks of 
PAS and tailoring their management. Although many ultrasound diagnostic signs have 
been described, wide heterogeneity in both study design and terminology used by 
different authors has made it difficult to define the ultrasound markers that enable the 
different grades of villous adhesion or invasion to be distinguished.18 In this review, we 
have evaluated the pathophysiology of the different ultrasound signs associated with the 
PAS to better understand their relevance to the prenatal screening and diagnosis of 
accreta placentation. 
 
PATHOPHYSIOLOGY OF THE PLACENTA ACCRETA SPECTRUM 
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Several concepts have been proposed to explain why and how PAS occurs. The oldest 
concept is based on a theoretical primary defect of trophoblast biology leading to 
excessive invasion of the myometrium. The current prevailing hypothesis is that a 
secondary defect of the endometrium-myometrial interface leads to a failure of normal 
decidualisation in the area of a uterine scar, allowing abnormally deep placental 
anchoring villi and trophoblast infiltration.5 There is no doubt that the decidua normally 
regulates trophoblast invasion, as evidenced by the aggressive invasion of the muscular 
and serosal layers seen at sites of ectopic implantation in the Fallopian tube22 or in the 
abdomen.23  
 
Scar implantation 
During the secretory phase of the menstrual cycle, the endometrium transforms into a 
well-vascularised receptive tissue, which is characterised by the proliferation and 
differentiation of the stromal cells into decidual cells, the infiltration of maternal immune 
cells and vascular remodelling of the endometrial vessels.24,25 Decidualisation of the 
endometrium stroma precedes blastocyst attachment and trophoblast infiltration. The 
process is complex and involves many local uterine components and external maternal 
cells and hormones. It is essential for implantation and normal placental development.  
 The development of PAS has been mainly linked to surgical damage, which 
disrupts the integrity of the uterine endometrium and smooth muscle layers of the 
myometrium. The increased use of caesarean delivery (CD) has had a direct effect on 
the incidence of all grades of accreta placentation, but cases have been described 
following smaller and more superficial damage to the uterine wall such as that 
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associated with uterine curettage, manual removal of the placenta or post-partum 
endometritis.1,3-5 Cases of PAS have even been described in primigravida women with 
no surgical history, but presenting with a uterine pathology such as bicornuate uterus, 
adenomyosis, submucous fibroids or myotonic dystrophy.3-5 These latter cases suggest 
that microscopic defects of the endometrium or interferences with its normal biological 
functions may lead to abnormal villous tissue adhesion or even invasion. 
A uterine scar may range from a small defect of the decidua and superficial 
myometrium to a wide and deep defect of the myometrium with clear loss of substance 
from the endometrial cavity down to the uterine serosa.26 In women with a history of 
prior CD, scar defects have been found to range between 20% and 65% of the 
myometrium after delivery on transvaginal ultrasound. Women with a residual 
myometrial thickness of <50% of the adjacent myometrium are more likely to develop 
chronic complications such as inter-menstrual spotting.27 The myometrial fibres around 
a scar often show hyalinisation or degenerative changes, with a local increase in fibrous 
tissue and infiltration by inflammatory cells.3 The comparison of ultrasound features of 
uterine caesarean scar with histological findings has shown that large and deep 
myometrial defects are often associated with absence of re-epithelialisation of the scar 
area.28 Leucocyte recruitment to the endometrium during the secretory phase may also 
be affected by the presence of a CD scar. A recent study of the uterine circulation in 
women with a previous CD has shown that the uterine vascular resistance is increased, 
whilst the volume blood flow is decreased, compared to women with a previous vaginal 
birth.29 These data suggest that the blood circulation around the scar is impaired. Poor 
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vascularization of the scar area may lead or contribute to permanent focal myometrial 
degeneration, as well as reduced or absent re-epithelialisation of the scar area. 
Prior CD, and in particular prior pre-labor CD, are associated with a two-fold 
increase in the risk of placenta previa in subsequent pregnancies.30 Only 4.1% of 
women with one prior CD presenting with a placenta previa will also have a PAS31, 
demonstrating that normal implantation can occur over scar tissue. A caesarean scar 
pregnancy is the implantation of a sonographically detectable gestational sac into a 
uterine scar. It has been suggested that a scar pregnancy is not a separate entity from 
PAS, but rather a continuum of the same condition.32,33 However, not all scar 
pregnancies require major surgery or life-saving hysterectomy at the time of delivery,34 
suggesting that in some cases the scar defect can be large enough to host an entire 
gestational sac without the villi of the definitive placenta implanting deep into the 
remaining myometrium or into the uterine serosa. This also suggest that if the 
gestational sac implants by the side of a CD scar this may lead to focal accreta 
placentation with no clinical symptoms in early pregnancy allowing the pregnancy to 
continue in the second trimester without being diagnosed as PAS.  
Overall, these data support the concept that macroscopic and/or microscopic 
disruptions to the uterine cavity inflict permanent damage to the endometrio-myometrial 
interface. This damage has a primary impact on the biology of the scar area creating 
conditions for preferential attachment of the blastocyst to the scar tissue as well as a 
secondary impact on decidualization of the endometrium around the scar. The absence 
of decidua in first-trimester cases of PAS35 refutes previous suggestions that the 
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decidual layer is normal at the beginning of gestation and atrophies as pregnancy 
progresses. 
 
Scar placentation  
Human placentation is almost unique amongst mammals in that it is physiologically 
highly invasive. Soon after implantation, mononuclear cytotrophoblast cells proliferate at 
the tips of anchoring villi, and form columns of cells that merge together to form the 
cytotrophoblastic shell that encapsulates the conceptus.36,37 Those cells on the outer 
surface that make contact with the decidua undergo a partial epithelial-mesenchymal 
transition, lose their proliferative potential, and invade the decidual stroma. These cells 
are collectively called extravillous trophoblast (EVT). They differentiate primarily into 
interstitial and endovascular sub-populations that migrate through the decidual stroma 
and down into the lumens of the spiral arteries respectively. Interstitial EVT invade the 
uterine wall as far as the inner third of the uterine myometrium, where they fuse to form 
multinucleated trophoblast giant cells (MNGCs).38 This area is known as the junctional 
zone (JZ).37 Migration of the EVT is facilitated by their secretion of a variety of matrix 
metalloproteinases (MMPs) comprising collagenases, gelatinases and stromelysins.4 
During normal migration these enzymes break down the extracellular matrix between 
the decidual cells, but can equally well digest scar tissue if implantation overlies a 
myometrial lesion.  
 In accreta placentation, EVT cells invade the uterine wall to a greater depth, are 
hypertrophic, and their numbers are increased whereas the number of MNGCs is 
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reduced.39-41 It is not clear from these observations whether the EVTs are genuinely 
hyperplastic since cell densities rather than total numbers have been reported. In PAS, 
the proliferative index and apoptotic rate are similar to normally implanted placentas and 
so it may be that the normal number of EVTs is packed into a smaller volume of 
decidua. Deeper trophoblast invasion of the myometrium and infiltration of chorionic villi 
into myometrial vascular spaces has been recently documented in both PI and PP.42 
These events lead to an absence of the normal plane of cleavage above the decidua 
basalis, thus, preventing placental separation after delivery in cases of PAS (Figure 5). 
Deeper placental tissue invasion may not be due to a further invasion of EVT in the 
uterine wall. This may arise secondary to dehiscence of a scar, possibly under the 
actions of MMPs, leading to the presence of chorionic villi deep within the uterine wall, 
and thus giving EVTs greater access to the deep myometrium (Figure 4). Overall, 
superficial damage, such as after a curettage, or distortion of the deciduo-myometrial 
layer, such as with a sub-mucous fibroid, will probably lead to mainly superficial 
abnormally adherent placentation. This possibly explains the very rare cases of PAS 
which have been reported in primiparous women.3-5  
Stronger labelling of the villous syncytiotrophoblast for epidermal growth factor 
receptor (EGFR) has been observed in PAS compared to normal pregnancies43-45, 
suggesting that abnormal villous adherence develops as a result of aberrant expression 
of growth-, angiogenesis- and invasion-related factors in trophoblast populations. 
However, there was no change in staining intensity for the EVT, and the functional 
significance of differences in receptor expression between the syncytiotrophoblast, 
which has no invasive capacity, and the invasive EVT in PAS is difficult to interpret. 
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Increased vascular endothelial growth factor (VEGF) and phosphotyrosine 
immunostaining has also been observed in EVT cells from placenta previa accreta.46 
These cells also co-expressed vimentin and cytokeratin-7, an epithelial-to-mesenchymal 
transition feature and tumor-like cell phenotype.46 One of the mechanisms proposed by 
which EVTs lose their invasive phenotype is through syncytial-type fusion into 
MNGCs.35 More recently, lower immunostaining for soluble fms-like tyrosine kinase 
(sFLT-1), which is a potent antiangiogenic growth factor, has been found in the EVT 
cells in cases of of PAS47. These findings suggest that VEGF and sFLT-1 play a pivotal 
role in the pathological programming of EVTs toward increased motility and 
invasiveness in PAS. The cellular changes in the trophoblast observed in PAS are 
probably also secondary to the unusual myometrial environment in which it develops. In 
particular, to the loss of the physiological utero-placental oxygen gradient can have a 
direct impact on the cytotrophoblastic differentiation patterns.48,49 There may also be 
differences in the local populations of maternal immune cells that interact with the EVT, 
notably the uterine Natural Killer (uNK) cells that release cytokines regulating invasion.50 
Overall, these findings emphasise the role of the decidua in modulating 
placentation. Its replacement by scar tissue results in secondary dysfunctional 
decidualization and trophoblastic over-invasiveness in PAS. There is no firm evidence 
of a primary trophoblastic biological defect in any of the different grades of PAS, unlike 
those observed in placental insufficiency and hydatidiform moles. 
 
Vascular remodelling 
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The uterine arteries provide the main blood supply to the uterus.51 They give rise to the 
arcuate arteries which in turn give rise to the radial arteries that are directed towards the 
lumen of the uterus. As they reach the JZ, each radial artery gives off lateral branches, 
the basal arteries, that supply the myometrium and the deeper basalis part of the 
endometrium. The vessel then continues as a spiral artery. Each spiral artery gives off 
small branches supplying the capillary plexus surrounding the uterine glands. In the 
non-pregnant state, the walls of the spiral and radial arteries contain large quantities of 
smooth muscle equipped with a rich autonomic innervation which makes them highly 
responsive to both exogenous and endogenous adrenergic stimuli.49 
In normal placentation, EVT cells penetrate the JZ via the action of their 
proteases on the intercellular ground substance, affecting its mechanical and 
electrophysiological properties. The structure and properties of the walls of the spiral 
arteries are also changed.37 The remodelling of the arteries is characterized by the 
progressive loss of myocytes from their media and their internal elastic lamina, which 
are replaced by fibrinoid material. Consequently, these vessels lose their 
responsiveness to circulating vasoactive compounds and become a low-resistance 
vascular network through dilatation.49 This transformation, termed "physiological 
changes", results in the metamorphosis of small calibre spiral vessels into flaccid 
distended arteries with a 5-10-fold dilation at the vessel mouth (Figure 3). This dilatation 
is generalised, but non-uniform with considerable variation in size between arteries 
within the same specimen, and even at different points along individual arteries.49 The 
terminal coils of the spiral arteries are extremely dilated, often reaching 2-3 mm in 
diameter which represents an approximately 4-fold increase in the diameter of the 
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vessel at the myometrial-endometrial boundary and within the distal myometrium.49 
Around 30-50 spiral arteries are transformed during the first and early second 
trimesters. In normal pregnancies transformation of these utero-placental arteries is 
completed around mid-gestation.51 By contrast, the segment just below the JZ 
represents the limit of physiological trophoblast invasion and the radial and arcuate 
arteries remain highly vaso-reactive throughout pregnancy.49 
If the numbers of interstitial EVTs are increased in PAS, spiral artery remodeling 
has been described as reduced, more so in cases of PAS without local decidua.41,52 
Decidua is sometimes completely absent in the accreta area,52 probably due to atrophy 
of the uterine circulation within the scar area in non-pregnant women with prior CD.29 
There is no clinical evidence of utero-placental insufficiency and impairment of fetal 
growth associated with any of the different grades of PAS. This is in contrast with the 
reduction in trophoblast invasion and failure of conversion of the spiral arteries which is 
observed in complications of pregnancy, such as preeclampsia and fetal growth 
restriction. This suggests that in both abnormally adherent and invasive placentation the 
incomplete remodelling of the spiral arteries is limited to the accreta area without 
impacting entire placental function. Another possible hypothesis is that in the absence 
of a decidua, the normal release of proteases and cytokines from activated maternal 
immune cells is missing, impairing arterial remodelling focally.  
In cases of invasive placentation, an unusual uteroplacental vasculature has 
been observed in which physiological changes were present in large arteries deep in 
the myometrium.52 Invasion of larger vessels beyond the level of the JZ is probably 
determined by access rather than a pre-existing defect in trophoblastic differentiation 
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that would produce uncontrolled invasion of EVT through the entire depth of the 
myometrium.35 Prenatal imaging and macroscopic observation at delivery of the 
hypervascularity of the placental bed in most cases of invasive placentation suggest a 
phenomenon of neovascularisation around the scar area in addition to the 
vasodilatation of the radial and/or arcuate uterine vasculature in the accreta area. 
 
ULTRASOUND CHANGES SEEN IN PAS 
A wide variety of different medical and non-medical terms have been used to describe 
placental lesions on ultrasound since the first description of a complete hydatidiform 
mole by MacVicar and Donald in 1963.53 The ultrasound features of PAS were 
essentially described by Finberg and Williams54 for grey-scale and by Chou et al55,56 for 
color Doppler imaging (CDI), and both have been used by many authors of subsequent 
cases reports and cohort series.18 Very few authors have reported on the use of 
transvaginal sonography (TVS) in PAS outside the location and follow-up of placenta 
praevia accreta.57 Thus, most case reports and cohort studies have described 
ultrasound images obtained transabdominally from PAS diagnosed in the late second 
and early third trimesters. This, and the fact that the resolution of ultrasound imaging 
has improved over the last three decades, may explain the wide variation in terminology 
used to describe the prenatal ultrasound features associated with PAS.  
In 2016, The European Working Group on Abnormally Invasive Placenta (EW-
AIP) proposed standardized descriptions of ultrasound signs used for the prenatal 
diagnosis of PAS58, the pathophysiology of which we have analyzed below: 
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Loss of the ‘clear zone’: is used when the normal hypoechoic retroplacental zone in 
the myometrium under the placental bed is not visible on ultrasound. It was one of the 
first signs identified by grey-scale ultrasound imaging in cases of PAS.59,60 This sign is 
supposed to represent an abnormal extension of the placental villi through the decidua 
basalis into the myometrium and has been used by many authors as a marker of PAS 
on grey-scale ultrasound.18  
 The anatomy of the placental bed changes with advancing gestation. At the end 
of the first trimester, when the definitive placenta is fully formed it is made of 2 layers i.e. 
a thick decidua containing numerous glands and the terminal coils of spiral arteries and 
the superficial myometrium containing the basal arteries. As pregnancy advances, the 
decidual layer becomes thinner and discontinuous (Figure 5) and the myometrium will 
also become thinner and more heterogeneous due to the progressive dilatation of the 
utero-placental circulation. These layers generate an echolucent ultrasound signal 
under the placenta (Figure 6). 
Loss of the clear zone has been reported in around 70% of cases in those series 
that have included data on the depth of villous myometrial invasion.18 Some authors 
have found that this sign is not accurate for the diagnosis of PAS as its appearance will 
vary with advancing gestation.61,62 In addition, it will also change with the location of the 
placenta inside the uterine cavity, direct pressure of the ultrasound probes and/or the 
filling of the bladder (Figures 6 and 7) and may be obscured by the amount of scar 
tissue present. 
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Myometrial thinning: to <1mm or to where the myometrium becomes undetectable on 
ultrasound, has been used a prenatal diagnostic sign for PAS63-66 but it is only reported 
in 50% of the cohort studies.18 This can be seen when the placenta develops 
underneath a major scar defect, where the myometrium is thinner than normal or 
completely replaced by scar tissue. In this case, the myometrium will become thinner 
with advancing gestation independently of any abnormal villous invasion. This thinning 
effect is more pronounced in the third trimester, in particular after 32-34 weeks when the 
lower uterine segment is further stretched by the combined action of the fetal 
presentation and Braxton-Hicks uterine contractions. This may contribute to false 
positive diagnoses where extreme myometrial thinning is incorrectly diagnosed as 
abnormal invasion. Occasionally, the myometrium may partly dehisce or become so thin 
that the placenta can be seen through it at delivery; this phenomenon should be 
described as a ‘uterine window’ (Figure 8) as it represents deficient myometrium rather 
than abnormal placentation.  
In true PAS, especially PP, the myometrium appears excessively thin or 
undetectable due to villous invasion. This not only results in the loss of the clear zone 
but also changes the echogenicity of the myometrium itself, resulting in a loss of visual 
contrast between placental tissue and myometrium. In invasive placentation, as the villi 
breach the serosa, the myometrial echogenicity becomes indistinguishable from that of 
the placental tissue (Figure 9). The sonographer must take care with this sign as like the 
clear zone, myometrial thickness will also be influenced by direct pressure of the 
ultrasound probes, and the fullness of the maternal bladder.  
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Placental lacunae: are numerous, large, irregular sonolucent intra-placental spaces 
often described on ultrasound5,54,60,61 giving the placenta a “moth-eaten” appearance in 
PAS in both transabdominal (Figure 10) and transvaginal (Figure 11) ultrasound. It is 
the most common ultrasound sign described in PAS with around 80% of the authors 
reporting them antenatally, independently of the depth of invasion.18 Other terms have 
been used to describe these spaces including “placental lakes” 6,55,67 and “Swiss 
cheese”.67,68  
Placental lakes are seen as echolucent areas often in the centre of a lobule or 
cotyledon (Figure 12), under the chorionic plate or in the marginal zone. These lakes 
are a common finding in normal pregnancies from the end of the first trimester but 
changes in their peripheral echogenicity (resulting in the term echogenic cystic lesions) 
has been associated the development of intervillous thrombosis69 and utero-placental 
insufficiency.70,71 The shape and number of lakes will vary with gestational age, with the 
location of the placenta inside the uterine cavity and with direct pressure of the 
ultrasound probes (Figure 12). 
The difference between the lacunae associated with abnormal invasion and 
placental lakes is not clear cut, but relates to number, shape, location and velocity of the 
blood flow inside the space. Finberg attempted to classify these features, with grade 3 
representing the lacunae seen with invasive placentation.54 The lacunae are often 
numerous in one part of the placenta, large and irregular in size. They develop 
secondary to the distortion of the anatomy of one or more cotyledons including an inter-
lobular septa3 due to the arrival of high velocity (peak systolic velocity often >10 cm/sec) 
maternal blood from a radial or arcuate artery (Figure 13).72 Placental lakes may also 
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arise secondary to the presence of a larger than average feeder vessel supplying an 
increased blood flow volume to the lobule (Figure 13), thus focally distorting its 
anatomy, but the impact on the cotyledon is less pronounced as the vessel involved is a 
spiral artery (Figure 3). However, in normal placentation, it is unlikely that there will be 
many such vessels resulting in fewer lakes and the underlying myometrium is of normal 
thickness. Both lacunae and lakes become more prominent from the end of the first 
trimester when the intervillous circulation is established48,49 and will change in size and 
shape as pregnancy advances. 
By contrast, the “Swiss cheese” transformation of the placenta describes the 
cystic hydropic changes of the villi found in a partial hydatidiform mole.73 These lesions 
are smaller and distributed at random within the placental structure. They never contain 
a fetal circulation and thus the “Swiss cheese” terminology should not be used to 
describe the vascular lacunae found in PAS. 
 
Bladder wall interruption: often described on grey-scale ultrasound as an interruption, 
loss or irregularity of the bladder wall or of the hyperechoic line between uterine serosa 
and bladder lumen.54,74 This sign may arise as a direct result of villous invasion into the 
muscle of the posterior wall of the bladder, thereby changing its echogenicity, but is 
most likely an ultrasound artefact arising from the massive neovascularity found within 
the peritoneal fold between the anterior wall of the uterus and the posterior wall of the 
bladder (Figure 14).  Insonation of the walls of the numerous tangled vessels disrupts 
the flat surface required to provide the bright straight line usually seen resulting in the 
apparent interruptions. 
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Care must be taken by the sonographer to ensure that the break seen in the 
bright line representing the posterior bladder wall is a genuine area of echolucency and 
not artefact as a result of ultrasound dropout from the angle of insonation. 
 
Placental bulge: describes the ‘ballooning’ of the uterus containing the placenta away 
from its expected plane into the surrounding tissue, usually the bladder. This sign is 
seen on ultrasound (Figure 14) and MRI imaging. It most likely represents villous 
invasion deep into and/or through the myometrium resulting in loss of structural integrity 
of the surrounding uterine muscle. The placenta will then ‘bulge’ outwards into 
surrounding structures. This phenomenon is seen at laparotomy and has been 
described as the ‘snowman sign’.75  
  
Exophytic mass: describes the invasion of the villous tissue through the myometrium 
and the serosa into adjacent extrauterine organs, usually the bladder. This focal 
exophytic mass of placental tissue, extending beyond the uterine serosa should only 
occur in cases of PP. In case reports and cohort studies that provide detailed data on 
the depth of invasion, bladder wall interruption, bladder bulge and exophytic mass are 
collectively reported in 33% of the cases of invasive placentation.18 
 
Sub-placental and/or utero-vesical hypervascularity: resulting from excessive 
dilatation of the utero-placental circulation beyond the spiral arteries i.e. including the 
radial and arcuate arteries, is a prominent feature of PAS on prenatal 
ultrasound.18,55,56,74,76-79 This is often accompanied by extensive neovascularization 
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within the peritoneum, especially between the anterior wall of the uterus and the 
posterior wall of the bladder.  
The use of CDI (Figures 10 and11) has enabled visualization of the utero-
placental circulation in greater detail; up to 81% of the cases of PI and 75% of the cases 
of PP present with hypervascularisation patterns within or under the placental bed (the 
subplacental zone).18 In addition, vessel distributions are more heterogeneous in PI with 
the size and spatial organization of the PI vascular architecture at the utero-placental 
interface differing from normal placentation.79 A combination of sonography, vascular 
casting and oxygen measurements has shown that an extensive network of arterio-
venous shunts normally exist within the myometrium in the placental bed.80 Villous 
invasion into these deep shunts may partly explain the persistence of significant blood 
flow after delivery in PAS81 as well as differences seen in vessel distribution, size and 
spatial organisation in the placental bed area. Invasion into these shunts is the 
proposed cause of the large areas of abnormal vascular confluence seen with 3D power 
Doppler imaging in cases of PP.76 In addition, the vasculature characteristics of the 
placental bed may vary in PAS depending on the position of the placenta inside the 
uterine cavity, whether near to or far from the main uterine arteries, and on the 
remodelling of the myometrial circulation around the scar area.  Thus, like the placental 
bed, myometrial thickness and lacunae, the vascular features under and around the 
accreta area will change with advancing gestation. 
 
Placental lacunae feeder vessels:  seen as vessels with high velocity blood flow 
arising from the deep arterial vasculature of the myometrium i.e. radial or arcuate 
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arteries and feeding the lacunae (Figure 13). An ultrasound study has found that the 
total area occupied by vessels in normal and PI placental beds is similar, but that 
vessels are significantly sparser and larger in invasive placentation.79 This could explain 
the abnormal haemodynamics underlying the development of the lacunae in invasive 
placentation. 
 
Bridging vessels: are seen as CD signals arising in the myometrium and appearing to 
travel beyond the uterine serosa and into the bladder before disappearing (Figure 14). 
This ‘bridging’ is an ultrasound artefact as these vessels do not traverse between the 
myometrium and the bladder but are actually the contorted vessels of the neovascularity 
within the peritoneum caught in cross-section in a 2D image (Figure 14). They have 
been referred to as “bladder varicosities” in cases of placenta previa accreta.77, 78  
Collectively, these CDI features have been reported in 66% of the cases of AIP 
diagnosed prenatally18, and are due to the dilatation of large and deeper myometrial 
vessels below the JZ of normal implantation.  
 
PATHOLOGICAL CORRELATIONS 
Many imaging cohort studies on PAS do not include a histopathological confirmation, or 
when they do it is limited to a brief description of the number of cases that were 
examined without a precise description of the extension of the abnormal placental 
attachment, degree of invasion and/or spatial relationship of the accreta villous tissue 
with the previous CD scar, cervix, main uterine circulation etc. In a recent systematic 
review, we found that detailed correlations between ultrasound findings and accreta 
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grading of a delivery were only reported in 34 out of 1078 cases18, although more than 
90% of the cases had a caesarean hysterectomy or a secondary hysterectomy after a 
failed attempt at conservative management. This limits the correlation between prenatal 
ultrasound features and clinical evidence at the time of delivery. This will also lead 
inevitably to false positive diagnosis of PAS in many cases, in particular when the 
surgeon is able to remove the placenta manually and the bleeding is secondary to 
uterine atonia and not to damage of the myometrial circulation, or when the placenta is 
praevia and there is a scar dehiscence with placental tissue visible through the uterine 
serosa.  
The first histopathological series of PA by Irving and Hertig included only cases 
of abnormal adherence.1 All of their 18 cases presented clinically as “failure of the 
placenta to separate” and 14 required a secondary hysterectomy to control the 
bleeding. In seven cases, the obstetrician was able to remove the placenta manually 
and in three cases the retained villous tissue was removed by curettage. None of their 
cases of hysterectomy with placenta “in situ” presented with macroscopic evidence of 
an excessive dilatation of the radial and arcuate circulation, and in all cases the 
diagnosis was made exclusively on the histological finding of “complete or partial 
absence of the decidua with villi directly embedded in the myometrium”. Only one of 
their patients (case 12) had a prior CD, and the only different pathological finding in that 
case was that the scar area where the placenta was attached was thinner than the rest 
of the uterine wall. All their remaining patients had a history of manual removal, 
curettage and/or endometritis, suggesting that minor traumas and/or chronic 
inflammation can lead an abnormally adherent placenta in the next pregnancy. On one 
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occasion, they found on microscopic examination “an increased number of dilated veins 
in the superficial layers of the myometrium”. Similarly, out the 86 cases of PAS included 
in their literature review up to 1935, there were 19 cases of previous manual removal of 
the placenta, 10 cases of previous curettage, three cases of endometritis and only one 
case of prior CD.1  
Until the 1970s, the diagnosis of PAS was almost exclusively histological2,3,82,83 
and only very rare cases of placenta increta and percreta were reported in the literature 
before that period, and without evidence of obvious macroscopic uterine vascular 
changes.84-86 Lukes et al2, were the first to highlight the need to differentiate between 
abnormally adherent and abnormally invasive placentas, and suggested to use the 
“adherent or invasive placenta” to describe the over-all group of PAS. Modern 
pathological studies have also shown that the lateral extension of a PAS can vary and 
be focal, partial or total according to the number of accreta lobules involved.2-5 They 
have also shown that the degree of villous adhesion or invasion is rarely uniform across 
the placental bed and that many cases of PAS have creta and increta areas (Figure 2). 
The fact that accreta placentation can be heterogeneous may explain why no 
ultrasound sign, or combination of ultrasound signs, has so far been found to be specific 
of the depth of accreta placentation and accurate for the differential diagnosis between 
adherent and invasive placentation.  
Attempts at manual removal of the placenta can distort the spatial relationship 
between the accreta villous tissue and the uterine wall.2 This may limit in some cases 
the accuracy of the microscopic diagnosis, in particular, if the histological examination of 
the utero-placental interface is incomplete.2-5 Macroscopic changes in the radial/arcuate 
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circulation may not always be obvious to the pathologist as the vasculature will collapse 
during the hysterectomy procedure. The decidual layer becomes thinner and 
discontinuous with advancing gestation (Figure 5), and this can also make the 
microscopic diagnosis of adherent placenta difficult in particular if the accreta area of 
the myometrium is not extensively sampled.2 Dannheim et al87 have recently proposed 
methods of gross dissection, microscopic examination and reporting of hysterectomy 
specimens containing PAS. Their protocol facilitates retrospective correlation with 
surgical and imaging findings as well as standardized tissue sampling for potential 
research. It is essential that similar protocols are used to improve not only the diagnosis 
but also the management of the PAS. 
 
Conclusions 
Placenta accreta spectrum is a histopathologic term that defines abnormally adherent 
and invasive placentation. Both are the consequence of a deciduo-myometrial disorder, 
and the trophoblastic changes of accreta placentation are probably secondary to their 
migration beyond the JZ and their exposure to a different biological environment. This 
loss of control by the decidua of trophoblast invasion and spiral artery remodelling gives 
the extravillous trophoblast greater access to the deep myometrium and its circulation. 
The depth of penetration of the villous tissue is likely to be related to the extent of the 
deciduo-myometrial damage. Microscopic damage secondary to manual removal, 
uterine curettage and endometritis are more likely to lead to superficial adherent 
placentation. By contrast, a surgical scar defect is associated with both the absence of 
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endometrial re-epithelialization of the scar area and vascular remodeling around the 
scar area and favors the development of invasive placentation.  
In the adherent placenta, the chorionic villi are in direct contact with the 
myometrium with no obvious plane of cleavage. The clinical differential diagnosis 
between an abnormally adherent placenta and a retained placenta can be difficult if the 
placenta is only partially adherent. In invasive placentation, the placental villi penetrate 
deeply within the uterine wall, including in the myometrial circulation, and cannot be 
removed manually and/or by curettage. With the exponential increase of CD around the 
world and also with increasing maternal age and the need for artificial reproductive 
techniques and minor uterine surgical procedures, the number of PAS cases, and in 
particular invasive placentation, will continue to increase.   
Ultrasound signs of adherent and invasive placentation vary with gestational age, 
and depend on the thickness and composition of the placental bed, prior scar defects, 
depth of invasion and the lateral extension of the villous tissue. Abnormal adherence 
and invasion may co-exist in the same placental bed, and thus accurate correlation of 
pathological and clinical findings with the imaging is essential. It is therefore necessary 
that these protocols are standardised and used by both clinicians and pathologists to 
improve the diagnostic accuracy of ultrasound imaging and to define ultrasound signs 
that may be useful in the screening of women at high risk of PAS. 
 
 
 
 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 26
REFERENCES 
 
1. Irving C, Hertig AT. A study of placenta accreta. Surgery, Gynecol Obstet 
1937;64:178-200. 
2. Luke RK, Sharpe JW, Greene RR. Placenta accreta: The adherent or invasive 
placenta. Am J Obstet Gynecol 1966;95:660–8. 
3. Fox H. Placenta accreta: 1945-1969. Obstet Gynecol Survey. 1972;27:475-490. 
4. Benirschke K, Burton GJ, Baergen RN. Pathology of the human placenta, 6th 
edition, Springer-Verlag, Berlin, 2012. 
5. Jauniaux E, Jurkovic D. Placenta accreta: pathogenesis of a 20th century 
iatrogenic uterine disease. Placenta. 2012;33:244-51. 
6. Solheim KN, Esakoff TF, Little SE, Cheng YW, Sparks TN, Caughey AB. The 
effect of cesarean delivery rates on the future incidence of placenta previa, 
placenta accreta, and maternal mortality. J Matern Fetal Neonatal Med. 
2011;24:1341-6. 
7. Balayla J, Bondarenko HD. Placenta accreta and the risk of adverse maternal 
and neonatal outcomes. J Perinat Med. 2013;41:141-9. 
8. Silver BM. Abnormal placentation: Placenta previa, vasa previa and placenta 
accreta. Obstet Gynecol 2015;126:654-68. 
9. Eller AG, Bennett MA, Sharshiner M, Masheter C, Soisson AP, Dodson M, et al. 
Maternal morbidity in cases of placenta accreta managed by a multidisciplinary 
care team compared with standard obstetric care. Obstet Gynecol. 
2011;117:331-7. 
10. Al-Khan A, Gupta V, Illsley NP, Mannion C, Koenig C, Bogomol A, Alvarez M, 
Zamudio S. Maternal and fetal outcomes in placenta accreta after institution of 
team-managed care. Reprod Sci. 2014;21:761-71. 
11. Silver RM, Fox KA, Barton JR, Abuhamad AZ, Simhan H, Huls CK, Belfort MA, 
Wright JD. Center of excellence for placenta accreta. Am J Obstet Gynecol. 
2015;212:561-8.  
12. Shamshirsaz AA, Fox KA, Salmanian B, Diaz-Arrastia CR, Lee W, Baker BW, et 
al. Maternal morbidity in patients with morbidly adherent placenta treated with 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 27
and without a standardized multidisciplinary approach. Am J Obstet Gynecol. 
2015;212:218.e1-9. 
13. Sadovsky E, Palti Z, Polishuk WZ, Robinson E. Atypical placentography in 
placenta accreta. Obstet Gynecol. 1967;29:784-7. 
14. Tabsh KM, Brinkman CR 3rd, King W. Ultrasound diagnosis of placenta increta. J 
Clin Ultrasound. 1982;10:288-90. 
15. D'Antonio F, Iacovella C, Bhide A. Prenatal identification of invasive placentation 
using ultrasound: systematic review and meta-analysis. Ultrasound Obstet 
Gynecol. 2013;42:509-17. 
16. Meng X, Xie L, Song W. Comparing the diagnostic value of ultrasound and 
magnetic resonance imaging for placenta accreta: a systematic review and meta-
analysis. Ultrasound Med Biol. 2013;39:1958-65. 
17. D'Antonio F, Iacovella C, Palacios-Jaraquemada J, Bruno CH, Manzoli L, Bhide 
A. Prenatal identification of invasive placentation using magnetic resonance 
imaging: systematic review and meta-analysis. Ultrasound Obstet Gynecol. 
2014;44:8-16. 
18. Jauniaux E, Collins SL, Jurkovic D, Burton GJ. Accreta placentation. A 
systematic review of prenatal ultrasound imaging and grading of villous 
invasiveness. Am J Obstet Gynecol. 2016;215:712-721. 
19. Fitzpatrick K, Sellers S, Spark P, Kurinczuk J, Brocklehurst P, Knight M. The 
management and outcomes of placenta accreta, increta, and percreta in the UK: 
a population-based descriptive study. BJOG. 2014;121:62-71.  
20. Bailit JL, Grobman WA, Rice MM, Reddy UM, Wapner RJ, Varner MW, Leveno 
KJ, et al; Eunice Kennedy Shriver National Institute of Child Health and Human 
Development (NICHD) Maternal-Fetal Medicine Units (MFMU) Network. Morbidly 
adherent placenta treatments and outcomes. Obstet Gynecol. 2015;125:683-9. 
21. Thurn L, Lindqvist PG, Jakobsson M, Colmorn LB, Klungsoyr K, Bjarnadóttir RI, 
et al. Abnormally invasive placenta-prevalence, risk factors and antenatal 
suspicion: results from a large population-based pregnancy cohort study in the 
Nordic countries. BJOG. 2016;123:1348-55. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 28
22. Randall S, Buckley CH, Fox H. Placentation in the fallopian tube. Int J Gynecol 
Pathol. 1987;6:132-9 
23. Godyn JJ, Hazra A, Gulli VM. Subperitoneal placenta accreta succenturiate in 
the case of a successful near-term extrauterine abdominal pregnancy. Hum 
Pathol. 2005;36:922-6. 
24. Knöfler M. Critical growth factors and signalling pathways controlling human 
trophoblast invasion. Int J Dev Biol. 2010;54:269–280. 
25. Plaisier M. Decidualisation and angiogenesis. Best Pract Research Clin Obstet 
Gynaecol. 2011;25:259-71.  
26. Jauniaux E, Jurkovic D. Long-term complications after caesarean section. 
Textbook of caesarean section. Edts: Jauniaux E, Grobman W. Oxford University 
Press. Oxford. 129-144, 2016. 
27. van der Voet LF, Bij de Vaate AM, Veersema S, Brölmann HA, Huirne JA. Long-
term complications of caesarean section. The niche in the scar: a prospective 
cohort study on niche prevalence and its relation to abnormal uterine bleeding. 
BJOG. 2014;121:236-44. 
28. Ben-Nagi J, Walker A, Jurkovic D, Yazbek J, Aplin JD. Effect of cesarean 
delivery on the endometrium. Int J Gynaecol Obstet. 2009;106:30-4. 
29. Flo K, Widnes C, Vårtun Å, Acharya G. Blood flow to the scarred gravid uterus at 
22-24 weeks of gestation. BJOG. 2014;121:210-5. 
30. Downes KL, Hinkle SN, Sjaarda LA, Albert PS, Grantz KL. Prior Prelabor or 
intrapartum cesarean delivery and risk of placenta previa. Am J Obstet Gynecol 
2015;212:669.e1-6. 
31. Jauniaux E, Bhide A. Prenatal Ultrasound Diagnosis and Outcome of Placenta 
Previa Accreta after Caesarean Delivery: A Systematic Review and Meta-
Analysis. Am J Obstet Gynecol. 2017;216: in press. 
32. Timor-Tritsch IE, Monteagudo A, Cali G et al. Cesarean scar pregnancy and 
early placenta accreta share common histology. Ultrasound Obstet Gynecol. 
2014;43:383-95.  
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 29
33. Zosmer N, Fuller J, Shaikh H, Johns J, Ross JA. Natural history of early first-
trimester pregnancies implanted in Cesarean scars. Ultrasound Obstet Gynecol. 
2015;46:367-75. 
34. Jurkovic D. Caesarean scar pregnancy and placenta accreta. Ultrasound Obstet 
Gynecol. 2014;43:361-2. 
35. Tantbirojn P, Crum CP, Parast MM. Pathophysiology of placenta creta: the role 
of decidua and extravillous trophoblast. Placenta. 2008;29:639-45. 
36. James JL, Carter AM, Chamley LW. Human placentation from nidation to 5 
weeks of gestation. Part I: What do we know about formative placental 
development following implantation? Placenta. 2012;33:327-34. 
37. Pijnenborg R, Vercruysse L, Brosens I. Deep placentation. Best Pract Research 
Clin Obstet Gynaecol. 2011;25:273-85. 
38. Al-Lamki RS, Skepper JN, Burton GJ. Are human placental bed giant cells 
merely aggregates of small mononuclear trophoblast cells? An ultrastructural and 
immunocytochemical study. Human Reprod 1999;14:496-504. 
39. Kim KR, Jun SY, Kim JY, Ro JY. Implantation site intermediate trophoblast in 
placenta cretas. Mod Pathol. 2004;17:1483-90. 
40. Stanek J, Drummond Z. Occult placenta accreta: the missing link in the diagnosis 
of abnormal placentation. Pediatr Dev Pathol. 2007;10:266-73. 
41. Hannon T, Innes BA, Lash GE et al. Effects of local decidua on trophoblast 
invasion and spiral artery remodeling in focal placenta creta - an 
immunohistochemical study. Placenta. 2012;33:998-1004. 
42. Parra-Herran C, Djordjevic B. Histopathology of placenta creta: chorionic villi 
intrusion into myometrial vascular spaces and extravillous trophoblast 
proliferation are frequent and specific findings with implications on diagnosis and 
pathogenesis. Int J Gynecol Pathol. 2016. 
43. Tseng JJ, Hsu SL, Wen MC et al. Expression of epidermal growth factor receptor 
and c-erbβ-2 oncoprotein in trophoblast populations of placenta accrete. Am J 
Obstet Gynecol. 2004;191:2106-13. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 30
44. Tseng JJ, Chou MM, Hsieh YT et al. Differential expression of vascular 
endothelial growth factor, placental growth factor and their receptors in placentae 
from pregnancies complicated by placenta accreta. Placenta 2006;27:70-8. 
45. Tseng JJ, Hsu SL, Ho ES et al. Differential expression of angiopoietin-1, 
angiopoietin-2 and Tie receptors in placentas from pregnancies complicated by 
placenta accreta. Am J Obstet Gynecol 2006;194:564-71. 
46. Wehrum MJ, Buhimschi IA, Salafia C et al. Accreta complicating complete 
placenta previa is characterized by reduced systemic levels of vascular 
endothelial growth factor and by epithelial-to-mesenchymal transition of the 
invasive trophoblast. Am J Obstet Gynecol. 2011;204:411. 
47. McMahon K, Karumanchi SA, Stillman IE et al. Does soluble fms-like tyrosine 
kinase-1 regulate placental invasion? Insight from the invasive placenta. Am J 
Obstet Gynecol. 2014;210:68.e1-4. 
48. Burton GJ, Jauniaux E, Charnock-Jones DS. The influence of the intrauterine 
environment on human placental development. Int J Dev Biol. 2010;54:303-12. 
49. Burton GJ, Woods AW, Jauniaux E, Kingdom JC. Rheological and physiological 
consequences of conversion of the maternal spiral arteries for uteroplacental 
blood flow during human pregnancy. Placenta. 2009;30:473-82. 
50. Moffett A, Hiby SE, Sharkey AM. The role of the maternal immune system in the 
regulation of human birthweight. Philos Trans R Soc Lond B Biol Sci. 
2015;370:20140071. 
51. Ramsey EM, Donner MW. Placental Vasculature and Circulation. Anatomy, 
Physiology, Radiology, Clinical Aspects, Atlas and Textbook. Stuttgart: Georg 
Thieme; 1980. 
52. Khong TY, Robertson WB. Placenta creta and placenta praevia creta. Placenta 
1987;8:399–409. 
53. MacVicar J, Donald I. Sonar in the diagnosis of early pregnancy and its 
complications. J Obstet Gynaecol Br Commonw. 1963;70:387-95. 
54. Finberg HJ, Williams JW. Placenta accreta: prospective sonographic diagnosis in 
patients with placenta previa and prior cesarean section. J Ultrasound Med. 
1992;11:333-43. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 31
55. Chou MM, Ho ES, Lu F, Lee YH. Prenatal diagnosis of placenta previa/accreta 
with color Doppler ultrasound. Ultrasound Obstet Gynecol. 1992;2:293-6.  
56. Chou MM, Ho ES. Prenatal diagnosis of placenta previa accreta with power 
amplitude ultrasonic angiography. Am J Obstet Gynecol. 1997;177:1523-5. 
57. Jauniaux E, Bhide A. Prenatal Ultrasound Diagnosis and Outcome of Placenta 
Previa Accreta after Caesarean Delivery: A Systematic Review and Meta-
Analysis. Am J Obstet Gynecol. 2017;in press. 
58. Collins SL, Ashcroft A, Braun T, Calda P, Langhoff-Ross J, Morel O et al., 
Proposed for standardized ultrasound descriptions of abnormally invasive 
placenta (AIP). Ultrasound Obstet Gynecol. 2016;47:271-275. 
59. Pasto ME, Kurtz AB, Rifkin MD, Cole-Beuglet C, Wapner RJ, Goldberg BB. 
Ultrasonographic findings in placenta increta. J Ultrasound Med. 1983;2:155-9. 
60. Kerr de Mendonça L. Sonographic diagnosis of placenta accreta. Presentation of 
six cases. J Ultrasound Med. 1988;7:211-5. 
61. Comstock CH, Love JJ Jr, Bronsteen RA, Lee W, Vettraino IM, Huang RR, et al. 
Sonographic detection of placenta accreta in the second and third trimesters of 
pregnancy. Am J Obstet Gynecol. 2004;190:1135-40. 
62. Hamada S, Hasegawa J, Nakamura M, Matsuoka R, Ichizuka K, Sekizawa A, et 
al. Ultrasonographic findings of placenta lacunae and a lack of a clear zone in 
cases with placenta previa and normal placenta. Prenat Diagn. 2011;31:1062-5. 
63. Twickler DM, Lucas MJ, Balis AB, Santos-Ramos R, Martin L, Malone S, et al. 
Color flow mapping for myometrial invasion in women with a prior cesarean 
delivery. J Matern Fetal Med. 2000;9:330-5. 
64. Wong HS, Cheung YK, Zuccollo J, Tait J, Pringle KC. Evaluation of sonographic 
diagnostic criteria for placenta accreta. J Clin Ultrasound. 2008;36:551-9. 
65. Rac MW, Dashe JS, Wells CE, Moschos E, McIntire DD, Twickler DM. 
Ultrasound predictors of placental invasion: the Placenta Accreta Index. Am J 
Obstet Gynecol. 2015;212:343.e1-7.  
66. Hoffman-Tretin JC, Koenigsberg M, Rabin A, Anyaegbunam A. Placenta accreta. 
Additional sonographic observations. J Ultrasound Med. 1992;11:29-34. 
67. Japaraj RP, Mimin TS, Mukudan K. Antenatal diagnosis of placenta previa 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 32
accreta in patients with previous cesarean scar. J Obstet Gynaecol Res. 
2007;33:431-7. 
68. Moodley J, Ngambu NF, Corr P. Imaging techniques to identify morbidly 
adherent placenta praevia: a prospective study. J Obstet Gynaecol. 2004;24:742-
4. 
69. Jauniaux E, Campbell S. Ultrasonographic assessment of placental 
abnormalities. Am J Obstet Gynecol. 1990;163:1650-8. 
70. Jauniaux E, Ramsay B, Campbell S. Ultrasonographic investigation of placental 
morphologic characteristics and size during the second trimester of pregnancy. 
Am J Obstet Gynecol. 1994;170:130-7 
71. Jauniaux E, Nicolaides KH. Placental lakes, absent umbilical artery diastolic flow 
and poor fetal growth in early pregnancy. Ultrasound Obstet Gynecol. 
1996;7:141-4. 
72. Cramer SF, Heller D. Placenta accreta and placenta increta: An approach to 
pathogenesis based on the trophoblastic differentiation pathway. Pediatr Dev 
Pathol. 2016;19:320-33. 
73. Jauniaux E. Partial moles: from postnatal to prenatal diagnosis. Placenta. 
1999;20:379-88. 
74. Shih JC, Palacios Jaraquemada JM, Su YN, Shyu MK, Lin CH, Lin SY, et al. 
Role of three-dimensional power Doppler in the antenatal diagnosis of placenta 
accreta: comparison with gray-scale and color Doppler techniques. Ultrasound 
Obstet Gynecol. 2009;33:193-203. 
75. Matsuo K, Conturie CL, Lee RH. Snowman sign: a possible predictor of 
catastrophic abnormal placentation. Eur J Obstet Gynecol Reprod Biol. 
2014;181:341-2. 
76. Collins SL, Stevenson GN, Al-Khan A, Illsley NP, Impey L, Pappas L, et al. 
Three-Dimensional Power Doppler Ultrasonography for Diagnosing Abnormally 
Invasive Placenta and Quantifying the Risk. Obstet Gynecol. 2015;126:645-53. 
77. Levine D, Hulka CA, Ludmir J, Li W, Edelman RR. Placenta accreta: evaluation 
with color Doppler US, power Doppler US, and MR imaging. Radiology. 
1997;205:773-6. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 33
78. Chou MM, Ho ES, Lee YH. Prenatal diagnosis of placenta previa accreta by 
transabdominal color Doppler ultrasound. Ultrasound Obstet Gynecol. 
2000;15:28-35. 
79. Chantraine F, Blacher S, Berndt S, Palacios-Jaraquemada J, Sarioglu N, Nisolle 
M, et al. Abnormal vascular architecture at the placental-maternal interface in 
placenta increta. Am J Obstet Gynecol. 2012;207:188.e1-9.  
80. Schaaps JP, Tsatsaris V, Goffin F, Brichant JF, Delbecque K, Tebache M, 
Collignon L, Retz MC, Foidart JM. Shunting the intervillous space: new concepts 
in human uteroplacental vascularization. Am J Obstet Gynecol. 2005;192:323-
32. 
81. Krapp M, Baschat AA, Hankeln M, Gembruch U. Gray scale and color Doppler 
sonography in the third stage of labor for early detection of failed placental 
separation. Ultrasound Obstet Gynecol. 2000;15:138-42. 
82. Weekes LR, Greig LB. Placenta accreta: A twenty-year review”. Am J Obstet 
Gynecol.1972;113:76-82. 
83. Breen JL, Neubecker R, Gregori CA, Franklin JE Jr. Placenta accreta, increta, 
and percreta. A survey of 40 cases. Obstet Gynecol. 1977;49:43-7 
84. MILLAR WG. A clinical and pathological study of placenta accreta. J Obstet 
Gynaecol Br Emp. 1959;66:353-64 
85. CUTHBERT KJ. Spontaneous rupture of the uterus due to placenta percreta. J 
Obstet Gynaecol Br Emp. 1956;63:243-5. 
86. HARER WB. Placenta accreta; report of eight cases. Am J Obstet Gynecol. 
1956;72:1309-14.  
87. Dannheim K, Shainker SA, Hecht JL. Hysterectomy for placenta accreta; 
methods for gross and microscopic pathology examination. Arch Gynecol Obstet. 
2016;293:951-8. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 34
Figure legends 
Fig 1: Diagram showing an anterior placenta previa on a caesarean scar and the 
different grades of placenta previa accreta: Creta (PC) where placental (P) villi adhere 
to the myometrium (M), Increta (PI) where the villi invade the myometrium and Percreta 
(PP) where the villi invade the entire myometrium and cross the uterine serosa (S). 
 
Fig 2: Diagram showing an anterior placenta previa accreta combining areas of 
abnormal adherence and invasion: Creta (PC), Increta (PI) and Percreta (PP). D= 
Decidua; M= myometrium; S= Serosa. 
 
Fig 3: Diagram showing a placental cotyledon in normal placentation (A) and increta 
placentation (B) reaching the deep myometrial circulation. Note that distortion of the 
normal cotyledon anatomy in the increta placentation with the loss of the inter-cotyledon 
septa and formation of a lacuna (L).  
 
Fig 4: Microscopic view of the placental bed from a hysterectomy specimen at 34 
weeks in a pregnancy complicated by placenta previa increta (H&E x 4) showing the 
disruption of the decidua (D) by placental villi (PV) and the very thin myometrium (M). 
 
Fig 5: Microscopic views of the placental bed from hysterectomy specimens with 
placenta in-situ (Boyd collection, The Centre for Trophoblast Research, University of 
Cambridge): A: Specimen H1094 CRL 73 mm showing a thick decidua (D) between the 
placental villi (PV) and the myometrium (M) (H&E x 2.5); B and C: Specimen H751 CRL 
260 mm. The decidua is much thinner (H&E x 2.5) and absent in some areas (Reticulin 
x 10). Scale bar (A and B) = 0.5 mm, C = 0.1 mm. 
 
Fig 6: Transabdominal ultrasound longitudinal views of the same part of a placental bed 
of a low-lying placenta (P) at 32 weeks using exactly the same machine settings.  A: 
Full bladder (B) and minimal probe pressure; B: Full bladder with increased probe 
pressure; C: Empty bladder and minimal probe pressure. Note the changes in the clear 
zone (arrows) 
 
Fig 7: Transabdominal ultrasound longitudinal views of the placental bed at 34 weeks in 
a pregnancy after 3 prior caesarean sections showing the changes on the clear zone 
(arrows) with probe pressure (right). 
 
Fig 8: Myometrial thinning secondary to uterine thinning at a scar defect. A: 
Transabdominal ultrasound longitudinal view of a placenta (P) previa at 36 weeks 
showing a myometrium defect (arrow) under the bladder (B). Note the absence of the 
clear zone and myometrium in the area. B: Findings at surgery later the same day of a 
‘uterine window’ (arrow). 
 
Fig 9: Myometrial thinning secondary to abnormally invasive placenta accreta. A: 
Transabdominal ultrasound longitudinal view of a placenta previa at 36 weeks showing 
no clear zone or myometrium detectable (arrow) between the placenta (P) and the 
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bladder (B). B: Findings at surgery later the same day showing the neovascularization 
and myometrial distension over the accreta area. 
 
Fig 10: Transabdominal ultrasound longitudinal views of a placenta (P) previa accreta 
at 36 weeks showing: A. “moth eaten” area with numerous lacunae of different size and 
shape secondary and B. high velocity, turbulent blood flow within the lacunae on CDI 
next to the bladder (B). 
 
Fig 11: Transvaginal ultrasound views of a placenta previa increta at 20 weeks 
showing: A. “moth eaten” appearance of the placenta with numerous lacunae of 
different size and shape secondary (arrow) and B. high velocity, turbulent blood flow 
within the lacunae on CDI. 
 
Fig 12: Transabdominal ultrasound longitudinal views of placenta (P) at 33 weeks of 
gestation in pregnancies with no surgical history and no placenta accreta at birth 
showing. A. Centro-cotyledon lake (arrow) with minimal probe pressure (left) and 
increased probe pressure (right). B. Multiple irregular lakes mimicking a “moth eaten” 
appearance similar to that seen in invasive placentation. 
 
Fig 13: Transabdominal ultrasound longitudinal views of placenta (P) showing: A. 
Placenta previa accreta at 20 weeks with a feeding artery from the arcuate circulation 
between the placenta and the bladder (B) entering a lacuna and B. Centro-cotyledon 
lake at 28 weeks of gestation in an uncomplicated pregnancy. Note the presence of the 
uterine myometrium (M); C. Velocity flow entering the lake from the corresponding 
feeder spiral artery. 
 
Fig 14: Placenta (P) previa accreta. Transabdominal ultrasound longitudinal views at 28 
weeks showing: A. bladder bulge demonstrating bladder (B) wall interruption (arrow) 
and B. bridging vessels on CDI; C. Findings at surgery at 34 weeks showing the 
extensive neovascularity and myometrial distension over the increta area. 
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